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1. Field of the Invention 5 The present invention relat %&
type structural body containing a lap joint to which welding can not be
applied fromthe inner side of the body, and a vehicle end sill which
corresponds to such box type structural body. 2. Description of the Rel ated

Art 10 A str : rt.L.on..0 ( ter) railway
vehicle (rolling sto@é&%@%%@%’cﬁwww L E %EEE:JG 4, a bone
menber, which is located at a front end (or rear end) of a vehicle A and is
extending al ong the vehicle M | r ecld ' an "end sill". An

end sill 1 is provided to be en the vehicle A
collides wthlt ®ieddhef tiehilxiventdaont he object. The end sill 1 is a box
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menber 11. Theonxsspopde 0 mnshubexi type dtudwdutrel bddywst cl osed) structure
and has no ini‘?rneéﬁiﬁﬁ}:iéﬁ Q)f"’%l%hRgfatéi' fRerator or a welding nachine can

enter. Therefore, lap~joints between the end nenber 11 and the upper and
| oner fad® plates Fostowtyral\hedystpmahepd porsirnief & (c@mmutierd W1y box

type struct Urx?ehﬁ.d%‘iea(r%lﬁ%g‘gf%éﬁ? ik’ FIO. Siﬁﬁn‘?-;fxainBQell(i‘f@éfg’.ﬂ‘?h

structure. A we seam W' “of the ioi nt W extends |linearly, as shown
in FI G 5B. Tht bpepdnerhes,\which orgted aly aj Erqpfs ppAoty rarperdl &fl arl y

to the directd @eh@tléheah@as aRpbh@ihd 2ABhGNehd fhisl d&riidthFiFedBonyhi ch
I's caused by a collision of the vehicle h the othey_ object (such as

A W
the other vehttratledin {'spd $ilk'es 4’2,enf3séilt]hé-seﬂﬁo‘§’rqqd o Lerrvthe,
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2 has, for example, a longitudinal sectional shape as shown in
FI1IG.5A.
The end sill 1' shown in FIG.5A is formed as a box shape
20 by extending a beam-like end member 11 such as channel member

at a front end portion of the vehicle A along the width direction.
Upper and lower face plates 12, 13 are welded to upper and lower
surfaces of the end member 11. The box type structure is a closed
(or almost closed) structure and has no inner space into which
25 an operator or a welding machine can enter. Therefore, lap joints
W' between the end member 11 and the upper and lower face plates
12, 13 are welded merely from the outer side of the box type
structure and are not welded from the inner side of the box type
structure. A weld seam Wa' of the joint W' extends linearly, as
30 shown in FIG.5B. The weld seam Wa' of the joint W' is positioned
perpendicularly to the direction of the load applied from the
left side in FIG.5B, which is caused by a collision of the vehicle

A with the other object (such as the other vehicle).
The face plates 12, 13 at the end sill 1' shown in FIGS.5A
35 to 5C can be deformed in the form of an out-of-plane deformation
by low load, and in some cases they are broken off since the bending
moment is applied to the joint W' correspondingly. When the load
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caused by the collision is applied fromthe left side of FIG5A with the
result of an appllcatlon of the bendi ng nonent -onto the joints W (see an
arrow shown i n"FI G 5D), such bending nonent is recei ved only by a throat
t hi ckness of a weld bead of the weld 5 seam V' since the weld seam W' of
the joint W is forned as a straight line. For this reason, the joint W
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vehicle A is cause t hou ﬁoﬁbove mentioned expl anation_has been nade by
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probl em al so o] pds, if
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d) in FIG.5F. As shown in FIG.5F, the amount of absorbed collision
20 energy is not sufficiently large. If the absorption energy of
the joint W' is small, the energy which can be absorbed by the
endsill 1' isalsosmall. Therefore, remainingcollision energy,
which can not be absorbed by the end sill 1/, acts onto other
portions of the vehicle A and thus the considerable damage of
25 the vehicle A is caused.
Although above-mentioned explanation has been made by
taking the vehicle end sill into consideration as an example,
the similar problem also occurs in other box type structural
bodies. In other words, if the box type structural body includes
30 the lap joints which are linearly welded only from the outer side
(one side welding) for the structural reason and the direction
of the weld seams of the lap joints is set perpendicular (or
closely perpendicular) to the direction of the load, the lap
joints can be broken off easily when they receive the load. 1In
35 addition, in the end sill 1' in FIG.5A and the box type structural
body in the related art, another fracture mode may be considered.
That is a shear fracture of the weld bead in the form that the



end nenber 11 and the face plates 12, 13 are shifted in parallel with their
Jlapped faces without the deformation shown in FIGS. 50 and 5E. 5

SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a
box type structural body and a vehicle e sill, of which the above-
mentioned |ap joint wel ded by one side | ap wel ding cannot be broken off
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pl at e menmber 209 RE«i ntermedi ate 15 nember havi ng a pair of surfaces to
whi ch the zigzag edges of the plate nmenbers are superposed and attached

respectively by | ap wel di ngs . z the | ap wel di ngs being
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the wel d bead can’stand t | ar ger sheari.n Ioa si nce the,  sectional area
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bead can beartReh&1BERJR nBhe %@Wﬁfﬁafm Attached regpegiively, by o nt
is not easil maﬂ;efwalﬂidg@ralchm; e, zigrageedygy, the lap weldings being
conducted outside the structural body, the intermediate member
having a longitudinal axis which is substantially perpendicular
20 to a direction along which a load is adapted to be applied to

the structural body. _

According to such box type structural body, if it receives
the load in the direction substantially perpendicular to the
direction of the longitudinal axis of the intermediate member,

25 the joint made by the lap welding is never simply broken off unlike
the related art shown in FIG.5. This is because the weld seam
(only one side) of the lap joint is formed as the zigzag shape
with the result that not only the throat of the weld bead but
also the zigzag weld seam can stand the bending moment unlike

30 related art shown in FIG.5, when the structural body receives
the load along the above-mentioned direction. In other words,
in the box type structural body, the weld bead can stand the larger
shearing load since the sectional area is increased with the
increase of the total length and a part of the total length is

35 provided along the depth direction of the 2zigzag shape.
Therefore, when the bending moment is caused like that in FIG.5D,
the weld bead can bear the bending moment by the small stress.



whi‘ch can be absorbed by the box type structural body can be considerably
dincreased. In the box type structural body, a depth and a pitch of 5 the

zi gzag edge nay be set such that a stress caused by the load at a weld bead
of the lap welding does not cone up to its yield point even if a ful
plastic bending nonent of the plate menber is caused in a plane
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end sill. members are selected appropriately.

In the box type structural body, the zigzag shape may
include a rectangular sawtooth shape.

20 In the box type structural body, the zigzag shape nay
:|.nc1ude a triangular sawtooth shape.

In the box type structural body, the zigzag shape may
include a trapezoidal sawtooth shape.

In the box type structural body, the zigzag shape may

25 include a circular-arc sawtooth shape.

According to a second aspect of the present invention, a
vehicle end sill comprises: a pair of plate members each having
an edge which is formed in a zigzag shape; the plate members facing
each other with a clearance therebetween; an intermediate member

30 extending in a width direction of an end portion of a vehicle,
the intermediate member being disposed between the plate members,
the intermediate member having a pair of surfaces to which the
zigzag edges of the plate members are superposed and attached
respectively by lap weldings along the zigzag edges, the lap

35 weldings being conducted outside the wvehicle end sill, the
intermediate member having a longitudinal axis which is
substantially perpendicular to a direction along which a load



Such end sill receives the inpact load fromthe front side (or rear side)
along the direction substantially perpendicul’ar to the | ongitudinal axis of
the internmedi ate nenber (i.e., 5 |longitudinal direction_of the vehicle)
when the collision of the vehicle is causgd. Then, when the internediate
menber (end nenber) is deformed by such load, the end sill is not sinply

rupt ured becayse | 0Nt LS I . otfion of the zigza
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i ncreased as nenti ve and 1n addition the inpact at _the trme, of

col | i si ort &anmefeberfteetd. Reeerdinglyy the pheerridonfenergt ¢f theraNohibt the
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the beginning of the collision, only the céenter portion abuts tqQ._the
opposi te obj cERe eRergyntranherred Eérﬁ%ﬁﬁloﬁﬁr?pb% (%‘BPt the epd SALLSAR into

contact with p8aeiupedi t Asodjresiyll tyr etk dainsigé pfapgesof thieheehd ¢ltdh cdnriset i on
of the internediate nmenber. The vehicle end sill may further conprise two

or nore piece¥ ‘Eﬁde‘cti ng froma front surface of the internedi ate nenber

in 35 a mpubstanti atn ¥hehwhizdet ehd éiildcta depthrahd dimipchedf thie zigzag

Dr St o 1 el JAY B8 eV bl BBy Ml abRolEA SR 7
the bead of the lap welding does not come up to its yield point even
if a full plastic bending moment of the plate member is caused
in a plane substantially perpendicular to the longitudinal axis
20 of the intermediate member.

In the vehicle end sill, the intermediate member may be
formed as a convex shape which protrudes against the direction
of the load.

According to such end sill, the absorption energy can be

25 increased as mentioned above and in addition the impact at the
time of collision can be made as gentle. This is because the
center portion of the intermediate member (end member) is
protruded forward in the vehicle. At the beginning of the
collision, only the center portion abuts to the opposite objcet,

30 and then the contact portion (portion which comes into contact
with the opposite object) gradually spreads in thewidthdirection
of the intermediate member.’

The vehicle end sill may further comprise two or more pieces
projecting from a front surface of the intermediate member in

35 a substantially bhorizontal direction and disposed at a
predetermined height on the vehicle.



i nt'er medi at e nmenber (end nmenber), both vehicles collide only by the
internedi ate nenbers when both _vehicles collide with each 5 other.
Therefore, it can be prevented that the end sill of one vehicle runs on to
portions other than the end sill of the qpposite vehicle. This is because
when the vehicles having simlar end sills collide wth each other,
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As a result, es can Suppress amage of
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sawm oot h sha ehi c zl gzag Shape may I nclude a

circul ar 18rc WW%ﬁamremomWWPwmw %9 (the

FIG 1Ais a &i@%ﬂle\%@h%éﬁ%@lsaw ¥8he6le Stb! rédserint Gtefét@eﬁcm cle A
shown in FIG according to an enbodi nent of the esen E ention;
Bhe et =i 11

FIG1B is a f‘?la“@%é‘f??&?nw &P Fhat S engageibeivesyy A &%fta 35
FIG1Cis a &eréer@a bdwmlebmmynmfn eaehi siRdr srmpehetai@elauengf @rd ne

T end si 11 1 ehiere salTiftith Fhe ead dnof “the steditayvabialt A
shape, taken i aiog dl‘semdedamunuﬂl?y,ZA;he end sill in no way runs on to,
the floor, etc. of the opposite vehicle. As a result, the end
sills of both vehicles can suppress the damage of other portions
 of the opposite vehicle to the lowest minimum while absorbing

the collision energy appropriately.
20 In the vehicle end sill, the zigzag shape may include a
rectangular sawtooth shape.
In the vehicle end sill, the zigzag shape may include a
triangular sawtooth shape.
In the vehicle end sill, the zigzag shape may include a
25 trapezoidal sawtooth shape. .
In the vehicle end sill, the zigzag shape may include a

circular-arc sawtooth shape.

BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG.1A is a plan view showing mainljr an end sill 1 provided
to a vehicle A shown in FIG.4, according to an embodiment of the
present invention;
FIG.1B is a fragmental plan view showing details of a part
b in FIG.1A;
35 FIG.1C is a sectional view showing a sectional shape, taken
along a line c-c in FIG.1A;
FIG.2A is a plan view showing details of a joint W1 in the



FIG 2C is a sectional view showing a deforned state of the 5 joint WL when
.a_bending nonent is applied to joint Wi; FIG 2D is a graph showing a

rel ati on between a reaction P of the joint WL and an anmount of defornation
[err] of the joint WL when the joint W if defornmed; FIGS.3A, 3B, 3C are

pl an views showing joints W2, WB, W 10 according to other enbodi nents of
the present invent.iqn_resp ively; FIG4 is a perspective view show ng a
head portion %‘P‘félﬂi L&l lieljg“lh'l je: FIG5Ais a vertical sectional view
showi ng an end sil IFli& 2Blis aséctippaDivi¥w showidig aesaitddnaltshdpeG. Sdkdrs a
fragnmental pl Vi ew shogitrl? a \ﬁ@lGd eam Wa' of the joint W, taken along a
line b-b in FHSMAA FEE S B Pad*showi ng details of a part c in FlG 5A;
FIG 5D is a secti ormilG.2cels ahssetignaldeiay showhighaleforided sXhtg of the/V
when such joint. W _receives . .the.bendi ng monent: .FlLGSE Js ctional view
showi ng tRe eff rg\‘ﬁllwlrl Yﬁemrpﬁxﬁénﬁowﬂ?‘%‘wlsa?@pﬂi%%eﬁ‘? o-Jfol,n%a "FIG5F is a
graph showi ng a relriG.ep hstawwpaphnshewindg @ rElatiombetweent aofeatstfimnmat i on
6 of the joint W. _ 25,DESCRIPTI OF THE PREFERRED ENBCDI S FIGs. - 1A to
2 show an erfbdth F0F: JB5k B FRHoRR (G PEoHELAMALLRR © GLpFhn A

showi ng nai nlWl aheanthei joint pHloisdddfommedd;vehicle A shown in FI G 4,
according to the eri.ii%i Nt HOf ofh r ' i I Sypa
fragmental plan view sﬁ(’gﬁ%{ n3gé)’dg¥:a|§1re;’0%]1£‘as%§v?% ébh%lvﬁgﬁl ﬁk%{hgl’é%’li% s a
sect i onallOvi eagasixdiingg to sethepnamboidipents alcdh thengresenhe tnvention G 1A

FIG2A is a Li§VefhoWi Nng details of a joint WL in the end sill 1 in
FIG 1A FIG %éylbs agsgﬁ]i onal view showi ng a sectional shape, 35 taken

along a line b-b i #1G.& 23 a pegspective waw sbawingiahesdopprion duf & ned
state of the jghghyWeNfters,a bending nonent is applied to the joint W
al ong the direction indicated by an 8 arrowin FIG2C. FIG 2D is _a graph
showi ng a rel ati on F&-rBel® h VarbaRal oFecidopalaViey Shomingoant ¢rd jsgildt Wi
(abscissap and angeacibom Wofint B re&ldtedNhrtyrdi nate) when the joint W is

FIG.5B is a fragmental plan view showing a weld seam Wa’

of the joint W', taken along a line b-b in FIG.5A;
FIG.5C is a view showing details of a part ¢ in FIG.5A;

FIG.5D is a sectional view showing a deformed state of the
20 joint W' when such joint W' receives the bending moment;
FIG.5E is a sectional view showing the end sill 1' when
the joints W' are broken off; and
FIG.5F is a graph showing a relation between an reaction
P and an amount of deformation 0 of the joint W'.
25
DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIGs.1A to 2D show an embodiment of the present invention.
FIG.1A is a plan view showing mainly an end sill 1 provided to
a vehicle A shown in FIG.4, according to the embodiment of the
30 present invention. FIG.1B is a fragmental plan view showing
details of a part b in FIG.1A. FIG.1C is a sectional view showing
a sectional shape, taken along a line c-c in FIG.1lA. FIG.2A is
a plan view showing details of a joint W1 in the end sill 1 in
FIG.1A. FIG.2B is a sectional view showing a sectional shape,
35 taken along a line b-b in FIG.2A. FIG.2C is a sectional view
showing a deformed state of the joint Wl when a bending moment
is applied to the joint Wl along the direction indicated by an



deformed. 5 As expl ai ned above with reference to FIG 4, the end
Sill 1 is provided fo a front end (or a rear end) of the comuter rail way
vehicle A Al though a structure_at the front end of the vehicle will be
expl ai ned hereinafter, such explanation igs true of the rear end sill. 10
The end sill 1 protrudes forwardly at a height of the floor of the vehicle
A, conparing o} roPOr i . i C
the end sill rirrg&e 2ad; aﬁot’gﬁsﬁ'fg é %‘ﬂ]gﬁbﬁ%ﬁ% %%&iﬁeg%%r&@e%nl
(i nternedi at eamitmn)t b déformyisiost @Ioﬁmmq&omt wif (airsucis:rat)i @ndofa t he

vehicle A al q_[]% | 5. t b di ’é‘ﬂ% VARSI +qRd 4 r yjorsizzont al
face plates (S ctql ?gtogs%h% Jo ga?tla \fx/é?ggé c) uppzlr and ﬂ;l%r ngur aces
11la, 11b of tdﬂfmfm@dnerrber 11 respectrvel y. The face plates 12, 13 are

connect ed gt0 a fra ’:{P# F)or,g @prrhfggé?] éo\%osﬁs)dwhi' %‘gl% J,__ﬁ_llfrarres

16, 17 are arrange Tron o e end So as to
extend al ong X he ptrorrgdedr @pmfrmenét(em rear end) ofidheczqrumrtierarailwayr ear

porti.on of thrupbdesp| latkrbAcROnaRehEEue A BRSUABSL] of Yhe ferficde si |

2 and a cent er sr t he ster I's connected to
backward st r ugkldr be %Wnﬁ%n@%ndsﬂm qaqpéenatm isi frue1of fhe
jointed 25 %éfﬂ"%nhaQJ.lP' nt WL which is formed by the one side |ap wel ding
conducted only omthe outer side of the end sill 1. The end nenber 11 and

the | oweR0 ace pl atfherendpilhilsprotgiudesditoxwansddy) abhajhaight\af fhedHoox
fornmed by th%ﬂﬁﬁe&iéiﬁchém Webiilj aﬁl e@uaseatﬁekwrrt%hérﬁ eHESfelsicde of

the end sill . _The reason vr/ny a | dj n onducted qQnly from
Lhe outer sido BF Shovodd E1G11C, Fhorend SadTLs Torred 4 o boRAPARE- h
c: osedlgox sham;eamd smlee@ndbmdnleémf V(antéméhmtéf ambgr)alt b&‘tsna}%selsﬁeélm ng
pl ate att ache to urfa r sur en the e pl ates
D o) of t rrtends b L REE ot OF (HELHPRLELE & Adahy T SERidls o ng
opgr at rrgnsf romddhedimmtrmgn .duppér tdnel Lawer ﬂioaﬁmsntal fhde plan%@e(fsmeelt he |
end nmenber 11 .i | nt e, e en
sill 1is prcR}ra§§%§ g?bt are @e%%dpggeuﬁépggﬁoggfasr\lrggg?gyﬂ(/%’oﬁ&?s| on
ener gy) genercf éiewand mdrlé)areh.lcrespleqﬁlv@w)- The | fahes platesthe, dihere
vehicle, etc.oolRe-TRERoSNE e i§a@%ﬁ8§9%a?¥o§r'ﬂ§oﬁ£‘g 25 lshotm iherd.ass

energy is

frames 16, 17 are arranged in the middle portion of the end sill
20 1 so as to extend along the longitudinal and lateral directions
respectively. A rear portion of the end sill 1 is connected to
a body bolster 4 via a side sill 2 and a center sill 3, and then

the body bolster 4 is connected to the backward structure.
The end member 11 and the upper face plate 12 are jointed
25 by the lap joint W1 which is formed by the one side lap welding
conducted only from the outer side of the end sill 1. The end
member 11 and the lower face plate 13 are also jointed by the
lap joint W1 which is formed by the one side lap welding conducted
only from the outer side of the end sill 1. The reason why the
30 lap welding is conducted only from the outer side of the end sill
1 is that the end sill 1 is formed as the closed box shape as
described above. Another reason is that a reinforcing plate 14
attached to a back surface (rear surface between the face plates
12, 13) of the end member 11 makes it difficult to conduct the
35 welding operation from the inner side of the face plates 12, 13,
even before the end member 11 is assembled into the box shape.
As described above, the end sill 1 is provided for the



transferred to portions other than the end sill 1 with the result 5 of
.reducing the damage of the vehicle A Therefore, follow ng structures to

i ncrease the absorption energy are adopted in the end sill 1 of this
enbodi ment . A) Edge portions 12a and 13aqof the face plates 12 and 13,
which are jointed onto the upper and | ower surfaces 1la and 11b 10 of the

Shape. ae shoRtieretiat SBedhilienl boel iy, (RITEGOT ehdfar] ST SEeRRREY' oo "

whose wel d sedm Véhmleend(sﬁ‘]]ci.ne) coXEadesmgitatheatthest elisckshoehci n'IﬁleG 2A,

lied al 3 h
outof s de 180%8; SHRESE i BERPLERa B b Bareidl'd M A Pesy Mier T ¢
2|h gzagI Ei ype jtoiamsfétreditogiortionseotharothan thegnd sibl 3 wikth thealesalta of
t . h
n R G St PRASEiRg ShESaB G TR Carela®, ThleBlol P 4hituillg Shov
joint W.. Thertruetenes ftot fiecinanti hherabrsorpt2on er(emycam adoptieddin ftihehe

pl ane perpen(g duﬂill—‘l %&2%%% g axis of the end nmenber 11) is

caused as show e en rrerrber 11 is displaced toward the
right side in FIG Ml:xwetperwmﬁ Adaiand dBatafethefiacef phajtes é?oaindtlﬁe wel d

seamis hard r qﬁ*%e Rﬁﬁe t aﬂt’&t | d
seam 25 whic q&@r%@%&%&%tggo tgeep rogn%'el‘aogegzidrf ape h]% ré)él'?é}eyteh
can standot hefhehriend mesherill a3 thadapleinell opreHormedms Melzé-géﬁgf i cuI t

to break of f gicblihStdB i 8haps U shown! SATFII 183 sl@xléﬂﬁnmé@weémdﬁgosk t hat
connections between the end nenber 11 and the face plates 12 are

rupt ur ed. Ac&?P&Vﬁglf}llﬁﬁewéﬁﬂlB@' whepe 1 wead H688r Wa Hextends d%+

C?I i E : %nzgnqreatahyuuw s%%o@f:hpé@r?lddﬁf thﬁ%Gmh LOfist Bpp i_af& a]gogig]?théZt 13,

etc. 1S a SNOW n are I on, pet we 0 ef Qr.mat i on

6 and a react§99R gp’é‘l?l ég?ofﬁa)\/\f% %Waﬁo?ﬁ rp&gﬂﬁe‘é‘n—t%sl"gﬁd The
j oi nt V\lﬁsag oEfOﬁ%em *..'Dljgﬂne{sfvﬁfhtﬂanéﬁt@caﬂaid iganné’ds ferbEl@@lﬂ.gzhlje wel d
seami s ar 0 [ ea W e res ISI

Sbotrbed oy Higel iea A e TAfst bhfed SEotal Tenoth e g pieplothdta,

whi ch corr espdntBe teelidesedm Rdpebe |increased mgae‘mgttcert:hleystmgmsédp B) A
di mensi on Ofe QGHﬁtzw%%g aﬂnﬁt;ngabne gggsgt@féi JaRsed 13 shegPUd ndesi 9n

such that, n 1 f the above-iren
to occur at the zigzag joint Wl. Then, even if the bending moment

!3

20 (which is caused in the plane perpendicular to the longitudinal
axis of the end member 11) is caused as shown in FIG.2C when the
end member 11 is displaced toward the right side in FIG.1C by
the deformation at the time of collision, the weld seam is hard
to break off because a part of the total length of the weld seam

25 which corresponds to the depth of the zigzag shape (comb teeth)
can stand the bending moment. If the weld bead of the joint Wl
is difficult to break off in this manner, such a situation is
seldom brought about that connections between the end member 11
and the face plates 12, 13 are ruptured. Accordingly, the end

30 sill 1 can absorb the considerable collision energy by the
out-of-plane deformation of the face plates 12, 13, etc. FIG.2D
is a graph showing a relation between an amount of deformation
0 and a reaction P of the joint W1 when the joint W1 receives
the load. The joint Wl can continue to generate the large reaction

35 P because the weld seam is hard to break off, with the result
that the collision enerqgy absorbed by the lap joint W1 (an area

of the hatched portion in FIG.2D which corresponds to §Pdd ) can



nmonent is caused, the plastic deformation of the weld bead of 5 the joint
W is not caused until the face plates 12, 13, which is easily deforned -
conparing to the end nenber 11, are brought into their full plastic _
defornmation state. Mdre particularly, a ilepth d and a pitch p of the zigzag
shape shown in FIG 2A are decided to sat'gfy foll ow ng conditions. That is,
assune that 10 the strength of the width per pitch of the zigzag shape in
the joint W be extxemsdyl Hareased-a thi ckness of the face plates 12, 13 and

the yield stress arg) sejimdhstioA™t LREF:, Z85PRAS H¥ehY w1t 1€ gl el e

bendi ng nonent err] can be given bg the fol 'om ng expression. 15
Merr] = p x on ferength degign sugiyEhaketaven Holhe aboyedrentiongd bendiag wa

(bead) in thgydninkt iMlcspedle thkVpladid derbimstion /o ehel Werd Bdad of d -
t/2[err] )[err] p - t/2[err] )} [er +1/2 [err]i% 20

6 X (_d .
In order Aot &he l(ﬁpﬁ-ﬁﬁ Yhdswerl drsed ;%%‘Bé-% h‘éh%l(f&ﬂai Rlatssod dut 130 SR when
the face pl atgp ehdilfdidRamedt b6hparitld tBl €18 ichaSiahiber 1NG &ké aSfouhtt he

wel d seam WA, which 1s cal.cul ate %y err] and Z, should be | ower _than the

yi el d stress 8O their Rlleplaghis deforPation St@tend Mors: PRRELCY rshape
in the joint A\epsh @r#addafpiect byot htnd elibead nhapersisa an. Fi€ox ke <
[err] As a result, therLnt V%f n achi eve,the noduyl us-.of - ruptur

resi st ance wflgaided kaisatiedy; £ f%”’t%cgf‘séﬁ’g?%'ofm' He RSP églah 13.
Eher ef or aoht hﬂ'léEBdréfrllJ;ﬂ% bfﬁaneahfdmbd pelrep 8€ch g-cﬂ t]:héi zmyzuglesnape uizrf ith3]e6nt ly
y using the st.r of the er and the e ate . In
this case, i fjotlﬁlgﬁgtlgl eﬁ‘%‘?ﬂdi%BP%%?%“fé‘é‘ﬁ?Mﬁf gﬁsfga%s?i%%s e‘;t’ ended,
the ﬁi SadV_?_Etm?antﬁ@%iiél& ptoesE %@ié)eé?uae ofandhe,| respeseively heheel g
man- hour . or t . | . > o0 be

| nposed on t iy &eﬁ’?ﬁsgf‘gnﬁ%g‘%g%@ﬁgg @‘f %ﬁ’e b% 8%§8n§égp%t}e (SJEI%I%W?%@
needl ess to sprelaionhe franes 16, 17 which extend longitudinally and

| at eral | as sho in FLG,2 re connected 5 to the end nenber 11 and the
oH AR X

rear framd 15. The Prares are also connected to the upé)er. and | ower
face plates 12, 13Thp section modulus Z of the weld seam Wa (bead) in the

joint W1 can be given by
Z={(d+t/2"2)p-(d-t/2")y(p~-t/27)}
< {6 X (d+ t/2"%))

20 In order not to bring the weld bead into the plastic
deformation even when the face plates 12, 13 reach their full
plaétic state, the stress of the weld seam Wa, which is calculated
by M, and Z, should be lower than the yield stressJ,. In other
words, dimensions d and p of the zigzag shape in the joint Wl

25 are defined by the following expression.

MJ/Z < O,

As a result, the joint Wl can achieve the modulus-of-
rupture resistance which is not inferior to the strength of the
face plates 12, 13. Therefore, the end sill 1 can absorb the

30 collision energy sufficiently by using the strength of the end
member 11 and the face plates 12, 13. 1In this case, if the total
length of the weld seam Wa is excessively extended, the
disadvantage in cost is produced because of the increase in the
weld man-hour. Therefore, another condition of

35 p/d>1



wel*ding. This is because the reaction against the load applied at the tine
_of collision of the vehicle A can be increased by integrating the face
plates 12, 13 with the frames 16, 17 and 10 thus an anount of the

collision energy absorbed by the end sill_ I "can be increased. In this case,
since the end sill 1 is fornmed as the bo%ltype structural body, it is .
difficult to apply the wel ding between the face ates 12, 13 and the frane
16 or 17 frormamnhalparks im fory ke dapth; ¢ and tﬁﬁé’rléFBrlé ofsEhe 43929 ug
15 joints ar )lied thereto, i.e., a plurality of through holes are
formed in the ({)I ates 12, 13, as shown in EIG 1A _and then inner
peripheries of t he )hEodgmerdless kasayHenat thpframes 16, 47 ¥hichy &X4EGm t he

outer side ofldﬂgitﬁadnﬁlu aihd ﬁtéﬁaqmdaéreﬁb@ﬁ il rretigh a%ét@étﬁ%@tfedt he

front end of he end “sil , is formed to have such a _curved %ng%e t hat

a center ﬁort‘i‘bﬁheseb‘#dﬁ"lh%d110?%@’%6’%5@1@“% &Sbotmi‘eeﬁﬁa‘%?t]r in the
width directigr aftsbf&dh%@tehetd\théc gpélt Rad! Towdie radeVisThteane, 13

p035|bleto make soft the | np S transferredt t?— eh| ecfg
col I'i sion. MWeLdRgri Gigr1S, beé’?“?ﬁet% regehiomiaggdinFt Bt Ftc}r?' nly
the center post itde Qﬁ.méhﬁf R 1HBREAT of ROehil€Te i idant be On@osadesl wghi cl e,

etc., and then the conta portio et radual | v _expan al ang t he
wi dth di rect i HHFearaking,; t lfi?é’epPgﬁg‘é%\gﬁ(ﬁ 1§h@l ftg}eh%ﬂrﬁ%‘ﬁsofgt ﬂ@ @ﬁ@
man‘DeL 113 th?uil‘saaﬁha:iicaixmsl loia:helaol]ai@ni\rhaeldeﬁgy absetbed hbjnthenelnd;&ilii 111
can absorb soft the colli n y I 1 e.spendin [ I
addition to t]hgf’lxtk??e Bﬁﬁeiﬁq ﬁ'ﬂgo‘fﬁsc?édsh? ‘?ﬁg‘ %ﬁ{a %Q‘&hnﬁs&?sﬁq l'on as
the floor surésaameobokhqrpealsrurhetﬂral oty , hcntumrdrﬂflpndm}:etmamokye:dm 18
are fornmed at., fr e e 1§nd; §re, L1
FI G 1C. The en %ﬁ’\!} ﬂ%éi%%?%orfgéeng é}' 13 %o %%fl ng 5. %E%s (lfll anges)
because t he cfrmmthe mnerwsde ca:éthhegrehalhbrlber'l‘h_’erefanﬁr ﬁ%@aﬂhﬁd@
hori zont r [ rg f [ ne

35 idined’ QHE g’ istedd, 218, 1 gﬂgqg?ﬂléfto% tﬁi‘o@vgﬁj Al e8!

proj ecting pi anges plrurall rojectin eces 18 are
fornmed in thiarenfpraedt i Hheoﬁﬁcgupl%ﬁé@ 3Rt hds 3R s§1IC’IWIf1 }np? agd t he

predeterm ne%\w ﬁer tﬂ&%@h@iﬂé@%f ’ﬂeptﬁfcﬁﬁghlﬁoiéé & Qhéoffﬁhé@iG p

anti-cli nber e vehicles A collide with each other.._Therefore, it can
be prevent ed ]t%étreoWGJ-@%‘ancﬂ% F(hﬁuﬂ’ét%‘ﬁ gigle; A the end sill 1.

D) The end member 11, which extends at the front end of

20 theendsilll, is formed to have such a curved shape that a center

portion is protruded forward comparing to both end portions in

the width direction of the vehicle A. According to the curved

shape, it is possible to make soft the impact which is transferred

to the vehicle A in collision. More particularly, at the

25 beginning of the collision, only the center portion of the end

member 11 collides with the opposite vehicle, etc., and then the

contact portion between them gradually expands along the width

direction along with the progress of the deformation of the end

member 11, the face plates 12, 13, etc. and as a result the end

30 sill 1 can absorb softly the collision energy while spending the
time. _

E) In addition to that the end sill 1 is provided at the
same height position as the floor surface of the vehicle A, three
horizontal projecting pieces 18 are formed at the front surface

35 of the end member 11, as shown in FIG.1C. The end member 11 has
originally two projecting pieces 18 (flanges) because the
channels are used as the end member 11, and thus three horizontal



fl gor of the opposite vehicle. This is because the projecting pieces 18 of
both vehicles engage with each other during collision with the result that
‘the vertical displacenent of the end sill 10 1 in the opposite vehicle A
is restricted. If the mutual end sills 1 gf the vehicles A collide nutually
and are not di sengaged during defornatloﬁ a | ot of collision energy can be
absorbed by the defqrmation of the end SI|| . As a result, the, dana e of

the portions E‘?&J&S’Flpﬁé’léﬁ&séq pre fS‘Fm?ﬁé-‘\/E‘PFF%]r by addipg g BrRicehi to

the | owest m g dBdnto WhiehridiReBROVIEE atdlRiranhedidepiopetlil s gidveent i on
has been di sc%sed HOV\IEVEAI’}@It ﬂr:rlatter gf cﬁ jsléectmgﬁqgR resent
t he

i nvention shof® IG‘%%“G@’-Fth%‘EItPS 1?%‘%%‘6‘?/‘?0&1’13
end nmenber llairfet pPeddte@mihalichd #gHO thése fparjedling! seb3) 8i sct e end

11 b ted i 3A t
S0 1n OB Ddnalisangtiyct HbSgach the vehiales Aol ide Hith shchiothstr °
for Imeddas It hem?éx@af@t ge) rl‘lf@ﬁﬁ B@@ké\lréﬂi'@éwt r1]:4aad drhﬁﬁeh{:l@lé Al Heis Bl 86 nxlnéa S
a | e on rom e outer e al.on e ortl on seam
PP hel oo Y AT o i oppog e aear il e mie0S SPRLCAAE 168 piediing
se?(rjn of t hef | Pieties\VB dt:ﬂ bbtveRibaes @nﬁagemupwchmuemddrnmlt hldeh nt he
we seam o I N S Cl./ C alrc Qo0 S
al | cases, Hé’g:z’ ngn’f%s\{ﬁﬁnghﬁé%tﬁgeﬁlgéﬁg} cgltslpg‘ﬁﬁfaﬂe?%é%aﬁﬁg ﬂ‘%é%ﬁﬁj oi nt
W in theor eI hirdherdpposdte Wefi6)eanis rastBirteshs olbthe inotual end dildison
acconyi i shed LEE &g st B areSTHidRRh £l ind 858550 dRUbecRA difcing. |
end sill. Acclefiirmgtioni lwe lotx ofypelbisicn energpothn de aheopbeddmt the
vent i on, vhely gy Shi et Whal shWTIPGST S of BEshPA] HeOBGNAGE G the

direction s y perpendicular to t tudlnal axi
i nt er nedi at e pegrdions (exaeptebberend Shbljbquttsh%m@ irieican bet snprressedand

break offig Thgy %fh%riowéé\l%ﬁﬁfnﬁﬁtura' body can 13 absorb a | arge energy
upon its deformation. Accor to the box type structural body of the

present invention, Wik V\Mdﬂbﬁé@m thet gpbgdiment et theyPregeat javeniion j ¢
def or nat i on Upid bebht RicAbSeAERBLeOE ] it h.th“maQ:Q@E & d‘o%rbbstﬁ?at femel

Gt and a cons (RIEPEBE G IoB GG BB Liga o thelsbove Ebodfient’"
For example, the end member 11 and the face plate 12 (or the face

20 plate 13) in the end sill 1 can be connected by any one of joints

W2 to W4 shown in FIGS.3A to 3C. In all joints W2 to W4, an edge

portion 12a of the face plate 12 is formed as the zigzag or

comb-teeth shape and then the fillet welding is applied only from

the outer side along the edge portion 12a. The weld seam of the

25 joint W2 in FIG.3A has a triangular sawtooth shape, the weld seam

of the joint W3 in FIG.3B has a trapezoidal sawtooth shape, and

the weld seam of the joint W4 in FIG.3C has a circular-arc sawtooth

shape. In all cases, these joints can have the higher strength

than the linear joint W' in the related art (see FIG.5) and can

30 absorb a lot of collision energy. In addition, the present

invention disclosed above can be accomplished as any other box
type structural body other than the vehicle end sill.

According to the box type structural body of the present

invention, when the structural body receives the load along the

35 direction substantially perpendicular to the longitudinal axis

of the intermediate member (end member), the joints aredifficult

to deform and break off. Therefore, this structural body can



structural body can absorb a high energy by using the strength of the
.menbers. According to the vehicle end sill of the present invention; 10
when the end nenber (internediate nmenber) is deforned by the | oad applied
upon the collision of the vehicle, the eg? menber can absorb a | arge
collision energy, since the joint does n easily cause the deformation or
the fracture. Therefore, the energé transferred fromthe end sill to the

ot her porti orfsorbt felgkgs Energy Upam Y& | t4RB- t hus damage of the

vehicle can Ee r eﬂu&%@_ | rdﬁglgqidiitne B ttb@e\é@ﬁﬁuﬁmﬁamobcfcjy lofothé heremensent

i nvention, the vehicle end s can orb .a hi col lision.ener as

nenti oned aboVRYERkAORn tg’@d'f'?jr‘%ﬁeﬁgl&tagﬁg chﬁc?g‘?ﬁ nP%ieCQ‘}Srﬁg lg? @%tllg i on

soft, since tduroendtisihartili the pkiieanembertmr thesj@iht fcomeedp ao ddasvex

shape. According to the vehicle end sill of th resent inventjon. .Since

there is Ao sit l%ﬁ?:‘toné??‘?wté%‘ stater °5ﬁe£6”°[rﬁ§’fﬁlc}bcre, £§€J01§F t he

opposite vehi;fdlxetiuﬁoaahhgtaﬁal hsiwgihsb.démr%] tralacgeamends_ng miomen&radheof t he

opposite vehicle can S resse 5 o.the lo t . 1o.ni M5 1.

A box type stﬁ%ﬁpﬁ?fwgaﬂp%%qﬁ%? él%iqneggﬁ%tug lﬁgggg% Sst(réilgﬁéé) each

havi ng an edggf the memBés. 13b ) which is fornmed in a zigzag shape, the

pl ate nmenbers ( 12, 13) ..faci each.,.0 <1 WM .

t her ebet ween; an i ﬁ’tcé’P ﬁ?%gg%%%flﬁlﬁé&glg%]p%mgg& hg&ﬂeeegﬁ:{%g&eg}téog !

menbers @82, klen the ehd memberdi @intemmetbate nénbény iisgefoyaed Inothe lopd

surfaces (1l1la,_ 1l t [ | S 3 0 nbers
( é_ll,); Sg%g\l/g r}:glréa%:pg%%%g&?%fc&% v %%@Jbé'- &he®En & @alff

(12,13) are salﬁ? espective )/ | ap wel dings along the
zi gzag edges gbkab d darge adldisliep enexigyirejincepthegoipbrings agt easidvde

the structurgl  ady, .t heed M85 gﬁdggtg}r%‘é&uiﬂél) Tha¥eR8ré, lthe energy

| ongi t udi nal axi's rch s substanti erpendi cular to a directign along
whi ch a | oad tiransfiepred fromidesnd il to theothey pertigns,gfrhexehiclen oy

type strygturaly BadyoResel dnRdthls Cddhdgel of2he velienel Baf BentduuwbRd.a
pitch of the zigzag edge (12a, 13a) is set such that a stress, caused by the
| oad at a wel d beadc§prding to the vehicle end sill of the present invention,
' the vehicle end sill can absorb a high collision energy as
mentioned above and in addition make the impact at the time of

collision soft, since the end member (intermediate member) is

20 formed as convex shape.

According to the vehicle end sill of the present invention,
since there is no situation that the end sill runs on to the floor,
etc. of the opposite vehicle upon the collision between the
vehicles, the damage of the opposite vehicle can be suppressed

25 to the lowest minimum.



the | ap wel ding does not cone up to its yield poimis@g@naggee,méﬁud pl astic

Hmmm the plate nember (12,13) is caus

sin c' uﬂmﬂmuml)engi cular to the 25 | ongi t udi imllEH mlfjn ‘a

internedi al e hrerfber (11). 3. A box type,structur ng to
claim1l1, wherein the zigzag shape incl udgg a rectangul ar sawt ooth shape. 30
4. A box type structural body according to claim1l, wherein the zigzag

shape i ncl ud 6 SRBIMER ISswt oot h 15 shape. 5. A box type

Crapozol dal saut oorh & LK P a1 body aocord
00 shape. 6. ox type r [

to claimil, whereir PAEC ??MpWWW%E?%HE@VgR%P?‘M%w%I ggﬁoﬁqaordl "

shape. 10 7. in A ¢e§kakesieipé;sSiche gm irEmbersafacing ehchl atkersamitdr
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' 2. A box type structural body according to claim 1, wherein
a depth and a pitch of the zigzag edge is set such that a stress.
caused by the load at a weld bead of the lap welding does not
come up to its yield point even if a full plastic bending moment
of the plate member is caused in a plane substantially
perpendicular to the longitudinal axis of the intermediate
member.

3. A box type structural body according to claim 1, wherein
the zigzag shape includes a rectangular sawtooth shape.

4. A box type structural body according to claim 1, wherein
the zigzag shape includes a triangular sawtooth shape.

5. A box type structural body according to claim 1, wherein-
the zigzag shape includes a trapezoidal sawtooth shape.

6. A box type structural body according to claim 1 , Wherein
the zigzag shape includes a circular-arc sawtooth shape.

7. A vehicle end sill comprising:

a pair of plate members each having an edge which is formed
in a zigzag shape; the plate members facing each other with a
clearance therebetween;

an intermediate member extending in a width direction of
an end portion of a vehicle, the intermediate member being
disposed between the plate members, the intermediate member
having a pair of surfaces to which the zigzag edges of the plate
members are superposed and attached respectively by lap weldings
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by the load at a weld bead of the lap welding does not come up
to its yield point even if a full plastic bending moment of the
plate member is caused in a plane substantially perpendicular
to the longitudinal axis of the intermediate member.

9. A vehicle end sill according to claim 7, wherein the
intermediate member is formed as a convex shape which protrudes
against the direction of the load.

10. A vehicle end sill according to claim 7, further.
comprising two or more pieces projecting from a front surface
of the intermediate member in a substantially horizontal
direction and disposed at a predetermined height on the vehicle.

11. A vehicle end sill according to claim 7, wherein
the zigzag shape includes a rectangular sawtooth shape.

12. A vehicle end sill according to claim 7, wherein
the zigzag shape includes a triangular sawtooth shape.

13. A vehicle end sill according to claim 7, wherein the
zigzag shape includes a trapezoidal sawtooth shape.

14. A vehicle end sill according to claim 7, wherein

the zigzag shape includes a circular-arc sawtooth shape.
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